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(57) [Abstract] 

15 [Object] The present invention provides a developing 
apparatus which permits application of a stable 
developing processing by supplying sufficient "tribo" 
to a developing agent on a developing agent carrier 
even when the developing agent of the developing 

20 apparatus is consumed rapidly, and an image forming 
apparatus having such a developing apparatus . 

[Solving Means] The developing apparatus of the 
present invention has a configuration in which toner on 
a developing sleeve 4a is fictionally charged by the 

25 rotation of a developing sleeve 4a, and is set so that 
the developing sleeve 4a is subjected to developing 
processing after rotational driving for a predetermined 
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rotational driving period. The developing apparatus 
comprises a dot counter 101 for measuring the amount of 
image information, and a CPU 103 for calculating the 
image ratio on the basis of the thus measured amount of 
5 image information. When the calculated image ratio of 
the CPU 103 exceeds a set value, the set rotation 
driving period of the developing sleeve 4a is increased. 
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[ Claims ] 

[Claim 1] A developing apparatus having a developing 
agent carrier which is arranged oppositely to a latent 
image carrier carrying a latent image corresponding to 
5 image information, carries a developing agent on the 
surface thereof, and is rotatable around the axis 
thereof; said developing apparatus developing said 
latent image through visualization thereof as a 
developing agent image by the developing agent imparted 

10 to said latent image carrier by said developing agent 
carrier; said developing apparatus having a 
configuration in which the developing agent on the 
developing agent carrier is frictionally charged by the 
rotation of the developing agent carrier, and the 

15 developing agent carrier is subjected to a developing 

processing after rotational driving for a predetermined 
rotational driving period; wherein said developing 
apparatus comprises measuring means for measuring the 
amount of image information, and calculating means for 

20 calculating the image ratio on the basis of the amount 
of image information measured by the measuring means; 
and when the image ratio calculated by the calculating 
means exceeds a set value, the set rotational driving 
period of the developing agent carrier is increased. 

25 [Claim 2] A developing apparatus having a developing 
agent carrier which is arranged oppositely to a latent 
image carrier carrying a latent image corresponding to 
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image information, carries a developing agent on the 
surface thereof, and is rotatable around the axis 
thereof ; said developing apparatus developing said 
latent image through visualization thereof as a 
5 developing agent image by the developing agent imparted 
to said latent image carrier by said developing agent 
carrier; said developing apparatus having a 
configuration in which the developing agent on the 
developing agent carrier is frictionally charged by the 

10 rotation of the developing agent carrier, and the 

developing agent carrier is subjected to developing 
processing after rotational driving for a predetermined 
rotational driving period; wherein said developing 
apparatus comprises measuring means for measuring the 

15 amount of image information, calculating means for 

calculating the image ratio on the basis of the amount 
of image information measured by the measuring means, 
and memory means for storing the calculated image ratio 
of the calculating means; and when the calculated image 

20 ratio of the calculating means stored in the memory 
means exceeds a certain set value continuously for a 
predetermined number of runs, the set rotational 
driving period of the developing agent carrier is 
increased. 

25 [Claim 3] A developing apparatus having a developing 
agent carrier which is arranged oppositely to a latent 
image carrier carrying a latent image corresponding to 
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image information, carries a developing agent on the 
surface thereof, and is rotatable around the axis 
thereof ; said developing apparatus developing said 
latent image through visualization thereof as a 
5 developing agent image by the developing agent imparted 
to said latent image carrier by said developing agent 
carrier; said developing apparatus having a 
configuration in which the developing agent on the 
developing agent carrier is frictionally charged by the 

10 rotation of the developing agent carrier, and the 

developing agent carrier is subjected to developing 
processing after rotational driving for a predetermined 
rotational driving period; wherein said developing 
apparatus comprises measuring means for measuring the 

15 amount of image information, calculating means for 

calculating the image ratio on the basis of the amount 
of image information measured by the measuring means, 
and memory means for storing calculated image ratio of 
the calculating means ; and when the average value of 

20 calculated image ratios of the calculating means stored 
in the memory means exceeds a set value, the set 
rotational driving period of the developing agent 
carrier is increased. 

[Claim 4] An image forming apparatus for recording an 
25 image formed by a series of image forming processes in 
a recording medium, comprising the developing apparatus 
according to any one of the first to third inventions. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates 
to an image forming apparatus adopting the 
5 electrophotographic process. 
[0002] 

[Description of the Related Art] Fig. 7 is a schematic 
sectional view illustrating a color laser beam printer 
as an example of the conventional image forming 

10 apparatus. 

[0003] Such a color laser beam printer has process 
cartridges 240, 241, 242, 243 and 244 detachable from 
the main body. The process cartridge 240 has a 
photosensitive drum 1 serving as a latent image carrier. 

15 The process cartridges 241, 242, 243 and 244 are 

developing units serving as developing apparatuses for 
individual colors (yellow, magenta, cyan and black) . 
[0004] The photosensitive drum 201 is rotationally 
driven at a prescribed circumferential speed (process 

20 speed) in the arrow direction. In the course of 
rotation thereof, the photosensitive drum 201 is 
uniformly charge-processed to prescribed polarity and 
potential by a primary charging roller 202. Then, an 
electrostatic latent image corresponding to a first 

25 color component image (for example, yellow component 

image) of an object image is formed by being subjected 
to image exposure 203 by image exposing means (not 
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shown) such as a color original image color separation 
and image forming/exposure optical system and a 
scanning exposure system based on a laser scanner which 
inputs a laser beam modulated in response to a time- 
5 serial electric digital image signal of the image 
information . 

[0005] Then, the electrostatic latent image is 
developed by yellow toner Y, a first color developing 
agent, in a first developing unit 241 (yellow 

10 developing unit). The developing units 241, 242, 243 
and 244 for the respective colors (yellow, magenta, 
cyan and black) are rotated in the arrow direction in 
the drawing by a rotational driver (not shown) so that 
each developing unit selectively faces the 

15 photosensitive drum 201 during the developing process. 
[0006] The developing units 241, 242, 243 and 244 have 
each a developing sleeve 204a, a developing agent 
carrier. When facing the photosensitive drum 201, the 
developing sleeve 204a rotates in the positive 

20 direction to that of the photosensitive drum 201. The 
surface thereof has appropriate irregularities to 
increase the sliding friction probability with the 
toner and to ensure satisfactory conveyance of the 
toner. 

25 [0007] A developing blade 204b is provided thereabove 
so as to come into surface contact with the outer 
peripheral surface of the developing sleeve 204a. An 
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elastic roller 204c is in contact and rotatably 
supported in further upstream in the rotating direction 
of the developing sleeve 204a. 

[0008] The toner in the developing unit is fed to the 
5 elastic roller 204a along with the rotation of a 

stirring member 204d during the developing operation. 
The toner is conveyed to a proximity of the developing 
sleeve 204a under the effect of rotation of the elastic 
roller 204c. The toner carried on the elastic roller 

10 204c at the contact portion of the developing sleeve 

204a and the elastic roller 204c is deposited onto the 
developing sleeve 204a by triboelectric charge caused 
by friction with the developing sleeve 204a. 
Thereafter, the toner is sent to the pressure-contact 

15 portion of the developing blade 204b along with the 

rotation of the developing sleeve 204a, where the toner 
is subjected to an appropriate tribo (triboelectric 
amount). After formation of a thin layer on the 
developing sleeve 204a, the toner is conveyed to the 

20 developing section facing the photosensitive drum 1 and 
subjected to development. 

[0009] The intermediate transfer member 205 is 
rotationally driven anticlockwise in the arrow 
direction at the same circumferential speed as that of 
25 the photosensitive drum 201. A yellow toner image of 
the above-mentioned first color formed and carried on 
the photosensitive drum 1 is intermediately transferred 
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onto the outer peripheral surface of an intermediate 
transfer member 205, under the effect of an electric 
field formed by a primary transfer bias applied to the 
intermediate transfer member 205 and a pressure exerted 
5 by a nip portion, during passage through a nip portion 
between the. photosensitive drum 201 and the 
intermediate transfer member 205. This process will 
hereinafter be referred to as the "primary transfer" . 
[0010] Thereafter, a magenta toner image of the second 

10 color, a cyan toner image of the third color, and a 
black toner image of the fourth color are similarly 
transferred in superposition on the intermediate 
transfer member 205, and a synthetic color toner image 
corresponding to the object color image is thus formed. 

15 [0011] The transfer of the synthetic color toner image 
transferred in superposition on the intermediate 
transfer member 205 onto the transfer material P which 
is a recording medium is accomplished through contact 
of a transfer roller 206 with the intermediate transfer 

20 member 205, through feeding of the transfer material P 
at a prescribed timing from a paper feed cassette (not 
shown) to the contact nip between the intermediate 
transfer member 205 and the transfer roller 206, and 
through application of a secondary transfer bias to the 

25 transfer roller 206. This secondary transfer bias 
transfers the synthetic color toner image from the 
intermediate transfer member 205 to the transfer 
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material P. This process is referred to as the 
"secondary transfer". 

[0012] The transfer material P to which the toner 
image has been transferred and which has been separated 
5 from the intermediate transfer member 205 is introduced 
into a fixing unit 15 to heat and fix. 
[0013] 

[Problems to be Solved by the Invention] However, the 
conventional image forming apparatus described above 

10 has the following problems. 

[0014] With the recent development of computer 
networks , printers and copy machines are experiencing 
severe circumstances which they have to cope with 
diverse and various needs demanded by many users . The 

15 various needs include, for example, images having a 
large amount of print such as solid images and 
photographic images , and originals of a small amount of 
print such as text manuscripts mainly comprising black 
toner. In a multiple- transfer type full-color printer 

20 or copying machine, tribo conditions of the toner in 

the developing unit or on the developing sleeve are not 
always the same for the individual colors, when 
comparing an image of a large amount of print such as a 
solid image of a photographic image and an image of a 

25 small amount of print such as a text manuscript, or as 
a result of a difference in the frequency of use 
between colors . A low print ratio corresponds to a 



- 10 - 



r, *\ 



smaller toner consumption on the developing sleeve. In 
the case of a developing apparatus having the above- 
mentioned configuration, tribo is imparted to the toner 
on the developing sleeve upon every passage of the 
5 elastic blade, leading to a uniform and stable tribo 
state of the toner. In the case of a high print ratio, 
in contrast, a rapid consumption of the toner 
corresponds to a smaller number of chances in which 
tribo is imparted to the toner on the developing sleeve 
10 or in the developing apparatus. This leads to a lower 
tribo of the toner, bringing about an instable state in 
which a uniform, stable and satisfactory image may be 
unavailable . 

[0015] Therefore, it is an object of the present 
15 invention to provide a developing apparatus which makes 
it possible to carry out a stable developing processing 
by supplying sufficient tribo to a developing agent on 
a developing agent carrier even when the developing 
agent in the developing apparatus is rapidly consumed, 
20 and an image forming apparatus having such a developing 
apparatus . 
[0016] 

[Means for Solving the Problems] According to the 
present application, the above-mentioned object is 
25 achieved by a first invention which provides a 

developing apparatus having a developing agent carrier 
which is arranged oppositely to a latent image carrier 
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carrying a latent image corresponding to image 
information, carries a developing agent on the surface 
thereof , and is rotatable around the axis thereof ; said 
developing apparatus developing said latent image 
5 through visualization thereof as a developing agent 
image by the developing agent imparted to said latent 
image carrier by said developing agent carrier; said 
developing apparatus having a configuration in which 
the developing agent on the developing agent carrier is 

10 frictionally charged by the rotation of the developing 
agent carrier, and the developing agent carrier is 
subjected to a developing processing after rotational 
driving for a predetermined rotational driving period; 
wherein said developing apparatus comprises measuring 

15 means for measuring the amount of image information, 
and calculating means for calculating the image ratio 
on the basis of the amount of image information 
measured by the measuring means ; and when the image 
ratio calculated by the calculating means exceeds a set 

20 value, the set rotational driving period of the 
developing agent carrier is increased. 
[0017] According to the present application, the 
above-mentioned object is achievable also by a second 
invention which provides a developing apparatus having 

25 a developing agent carrier which is arranged oppositely 
to a latent image carrier carrying a latent image 
corresponding to image information, carries a 
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developing agent on the surface thereof, and is 
rotatable around the axis thereof; said developing 
apparatus developing said latent image through 
visualization thereof as a developing agent image by 
5 the developing agent imparted to said latent image 
carrier by said developing agent carrier; said 
developing apparatus having a configuration in which 
the developing agent on the developing agent carrier is 
frictionally charged by the rotation of the developing 

10 agent carrier, and the developing agent carrier is 
subjected to developing processing after rotational 
driving for a predetermined rotational driving period; 
wherein said developing apparatus comprises measuring 
means for measuring the amount of image information, 

15 calculating means for calculating the image ratio on 
the basis of the amount of image information measured 
by the measuring means, and memory means for storing 
the calculated image ratio of the calculating means; 
and when the calculated image ratio of the calculating 

20 means stored in the memory means exceeds a certain set 
value continuously for a predetermined number of runs, 
the set rotational driving period of the developing 
agent carrier is increased. 

[0018] According to the present application, the 
2 5 above-mentioned object is achievable also by a third 

invention which provides a developing apparatus having 
a developing agent carrier which is arranged oppositely 
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to a latent image carrier carrying a latent image 
corresponding to image information, carries a 
developing agent on the surface thereof, and is 
rotatable around the axis thereof; said developing 
5 apparatus developing said latent image through 

visualization thereof as a developing agent image by 
the developing agent imparted- to said latent image 
carrier by said developing agent carrier; said 
developing apparatus having a configuration in which 

10 the developing agent on the developing agent carrier is 
frictionally charged by the rotation of the developing 
agent carrier, and the developing agent carrier is 
subjected to developing processing after rotational 
driving for a predetermined rotational driving period; 

15 wherein said developing apparatus comprises measuring 
means for measuring the amount of image information, 
calculating means for calculating the image ratio on 
the basis of the amount of image information measured 
by the measuring means , and memory means for storing 

20 calculated image ratio of the calculating means; and 
when the average value of calculated image ratios of 
the calculating means stored in the memory means 
exceeds a set value, the set rotational driving period 
of the developing agent carrier is increased. 

25 [0019] According to the present application, the 

above-mentioned object is achievable also by a fourth 
invention which provides an image forming apparatus for 
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recording an image formed by a series of image forming 
processes in a recording medium, comprising the 
developing apparatus according to any one of the first 
to third inventions . 
5 [0020] In other words, in the first invention of the 
present application, the set rotational driving period 
of the developing agent carrier is increased when the 
image ratio exceeds a certain set value, and the 
developing agent carrier is used for developing 
10 processing after rotational driving for the set 
rotational driving period. 

[0021] In the second invention of the present 
application, the set rotational driving period of the 
developing agent carrier is increased when the 

15 calculated image ratio of the calculating means stored 
in the memory means exceeds a set value continuously 
for a predetermined number of runs , and the developing 
agent carrier is used for developing processing after 
rotational driving for the set rotational driving 

20 period. 

[0022] In the third invention of the present 
application, the set rotational driving period of the 
developing agent carrier is increased when the average 
value of the calculated image ratios of the calculating 
25 means stored in the memory means exceeds a set value at 
a predetermined number of runs, and after rotational 
driving for the set rotational driving period, the 
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developing agent carrier is used for developing 
processing. 

[ 0023 ] In the fourth invention of the present 
application, the set rotational driving period of the 
5 developing agent carrier is increased when the image 

ratio, or the calculated image ratio of the calculating 
means stored in the memory means, or the average value 
of the calculated image ratios of the calculating means 
stored in the memory means exceeds a set value 
10 continuously for a predetermined number of runs. 
[0024] 

[Embodiments] Embodiments of the present invention 
will now be described with reference to the attached 
drawings . 

15 [0025] (First Embodiment) The first embodiment of the 
present invention will be described. 

[0026] Fig. 1 is a schematic conf igurational view of 
the main portions of a laser beam printer (hereinafter 
referred to as a "printer") which is an example of the 
20 image forming apparatus of the first embodiment. 

[0027] The printer of this embodiment has a detachable 
process cartridge 4 . 

[0028] A photosensitive drum 1 which is a latent image 
carrier is rotationally driven at a prescribed speed 
25 (process speed) in the arrow direction, and charging- 
processed to prescribed polarity and potential by a 
primary charging roller 2 in the course of rotation 
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thereof. Then, an electrostatic latent image 
corresponding to the object image is formed by image 
exposure applied by image exposing means (not shown) . 
[0029] Then, tone, a developing agent, is imparted by 
5 a developing unit 45 serving as a developing apparatus 
to the photosensitive drum 1 carrying this latent image, 
whereby the latent image is visualized as a toner image 
and developed. 

[0030] The toner image is formed on the photosensitive 
10 drum 1. A transfer material P serving as a recording 
medium is fed at a prescribed timing from a paper feed 
cassette (not shown) to a contact nip between the 
photosensitive drum 1 and the transfer roller 6, and at 
the same time, a transfer bias is applied to the 
15 transfer roller 6. The transfer bias causes transfer 
of the toner image from the photosensitive drum 1 onto 
the transfer material P. 

[0031] After the transfer of the toner image, the 
transfer material P separated from the photosensitive 
20 drum 1 is introduced into a fixing unit 15, heated and 
fixed. 

[0032] The developing unit 45 will now be described in 
detail . 

[0033] The developing unit 45 has a developing sleeve 
25 4a serving as a developing agent carrier. The 

developing sleeve 4a rotates in a positive direction 
along that of the photosensitive drum 1, and the 
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surface thereof has appropriate irregularities to 
ensure a high probability of friction with the toner 
and satisfactory conveyance of the toner. 
[0034] A developing blade 4b is provided thereabove so 
5 as to come into surface contact with the outer 

peripheral surface of the developing sleeve 4a. In the 
further upstream of the developing sleeve in the 
rotating direction, an elastic roller 4c is in contact 
therewith, and rotatably supported. 

10 [0035] The toner in the developing unit 45 is fed to 
the elastic roller 4c along with the rotation of a 
stirring member 4d during the developing operation. 
Furthermore, under the effect of the rotation of the 
elastic roller 4c, the toner is conveyed to a proximity 

15 of the developing sleeve 4a. At the contact portion of 
the developing sleeve 4a and the elastic roller 4c, the 
toner carried on the elastic roller 4c is subjected to 
triboelectric charge through friction with the 
developing sleeve 4a, and deposited onto the developing 

20 sleeve 4a. Thereafter, the toner is sent to the 

pressure contact portion of the developing blade 4b 
along with the rotation of the developing sleeve 4a, 
where the toner is subjected to an appropriate tribo 
( triboelectricity) . After formation of a thin layer on 

25 the developing sleeve 4a, the toner is conveyed to a 
developing section facing the photosensitive drum 1 , 
the toner is used for development. 
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[0036] In Fig. 2, a dot counter 101 which is measuring 
means provided in a controller 110 measures the number 
of dots (amount of image information) of image signals 
outputted from an image output section 102. The number 
5 of printed dots measured here is converted into a print 
ratio (image ratio) X relative to the media to be 
printed. 

[0037] The means for measuring the print amount 
information used in the present invention, for example, 

10 converts the emitting period of the laser, or counts 
the individual image signals forming dots of the 
individual images and converts the result. No 
limitation is however imposed on the means for 
measuring the print amount information so far as it 

15 permits measurement of the print amount information 
(print ratio) of the images. 

[0038] In a developing apparatus having the 
configuration as described above, tribo conditions of 
the toner in the developing unit or on the developing 

20 sleeve are not always the same for the individual 

colors , when comparing an image of a large amount of 
print such as a solid image or a photographic image and 
an image of a small amount of print such as a text 
manuscript. A low print ratio corresponds to a smaller 

25 toner consumption on the developing sleeve. Tribo 
imparted to the toner on the developing sleeve upon 
every passage of the elastic blade leads to a uniform 
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and stable tribo state of the toner. In the case of a 
high print ratio, in contrast, a rapid consumption of 
the toner corresponds to a smaller number of chances in 
which tribo is imparted on the developing sleeve or in 
5 the developing apparatus . This leads to a lower tribo 
of the toner, bringing about an instable state in which 
a uniform, stable and satisfactory image may be 
unavailable. 

[0039] Therefore, when two predetermined stages 

10 including print ratios Yl and Y2 are provided, the 

print ratio X converted by the above-mentioned method 
is determined by comparing the two print ratios within 
the CPU 103. For example, on the assumption of Yl < Y2 , 
three cases of comparison including (1) X < Yl, (2) Yl 

15 <s X <s Y2, and (3) Yl < X are performed. 

[0040] According to the result of this comparison, the 
pre-printing preparing operation period (rotation 
period after printing, or rotation period in the next 
run of printing) is varied. 

20 [0041] The pre-printing preparing operation period 
mainly depends upon the rising period of the fixing 
unit or the laser scanner and the conveying period of 
the transfer material. A shorter period is preferable. 
In the case of an image forming apparatus used in this 

25 embodiment, it is assumed that rotation is conducted 

for ten seconds in total, including post -rotation after 
the completion of development of the developing 
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apparatus for five seconds and pre-rotation before 
developing for another five seconds. Under some 
conditions in this case, the result of assessment of 
the image Immediately after attainment of high print 
5 ratios, and the result with a longer pre-printing 

preparing operation period are shown in Table 1. Table 
1 suggests that defective image can be eliminated 
according as the pre-printing preparing operation 
period is extended by five, and then seven seconds: 
10 [0042] 

[Table 1] 



PRINT RATIO 








PRE-PRINTING 
PREPARING 

OPERATION PERIOD ^\ 


50% 


70% 


90% 


10 sec 


O 


A 


X 


15 sec 


O 


O 


A ! 


17 sec 


O 


O 


o I 



[0043] Therefore, the toner tribo in the developing 
unit 45 is stabilized, on the assumption of 
predetermined print ratios Yl of 70% and Y2 of 90%, and 



15 comparing the converted print ratio X with the above- 
mentioned condition formula. 

[0044] As described above, a satisfactory image can be 
obtained by supplying sufficient tribo to the toner by 
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extending the pre -printing preparing operation period 
in response to the print ratio. 

[0045] (Second Embodiment) A second embodiment of the 
present invention will now be described. 
5 [0046] Fig. 3 is a schematic conf igurational view of 
main portions of a color laser beam printer, an example 
of the image forming apparatus of the second embodiment . 
[0047] The printer of this embodiment has process 
cartridges 40, 41, 42, 43 and 44 detachable from the 

10 apparatus main body. The process cartridge 40 has a 
photosensitive drum 1 (image carrier); and process 
cartridges 41, 42, 43 and 44 are developing units 
serving as developing apparatuses for the individual 
colors (yellow, magenta, cyan and black) . 

15 [0048] The photosensitive drum 1 is rotationally 

driven at a prescribed circumferential speed (process 
speed) in the arrow direction, and uniformly charging- 
processed to prescribed polarity and potential by a 
primary charging roller 2 during rotation. Then, 

20 through image exposure 3 by image exposing means (not 
shown) such as a color separation/image forming- 
exposure optical system of a color original image or a 
scanning exposure system based on a laser scanner 
outputting a laser beam modulated for time -serial 

25 electric digital image signals of the image information, 
an electrostatic latent image corresponding to a first 
color component image (for example, a yellow component 
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image) of the object color image is formed. 
[0049] Then, the electrostatic latent image is 
developed by the yellow toner Y, a developing agent for 
a first color, by use of the first developing unit 41 
5 (yellow developing unit). The developing units 41, 42, 
43 and 44 (yellow, magenta, cyan and black) are rotated 
by a rotational driver (not shown) in the arrow 
direction in the drawing, and are arranged so that the 
individual developing units selectively face the 

10 photosensitive drum 1. 

[0050] The intermediate transfer member 5 is 
rotationally driven anticlockwise in the arrow 
direction at the same circumferential speed as that of 
the photosensitive drum 1 . A yellow toner image of the 

15 above-mentioned first color formed and carried on the 
photosensitive drum 1 is intermediately transferred 
onto the outer peripheral surface of an intermediate 
transfer member 5, under the effect of an electric 
field formed by a primary transfer bias applied to the 

20 intermediate transfer member 5 and a pressure exerted 
by a nip portion, during passage through a nip portion 
between the photosensitive drum 1 and the intermediate 
transfer member 5. This process will hereinafter 
referred to as the "primary transfer" . 

25 [0051] Thereafter, a magenta toner image of the second 
color, a cyan toner image of the third color, and a 
black toner image of the fourth color are similarly 
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transferred in superposition on the intermediate 
transfer member 5, and a synthetic color toner image 
corresponding to the object color image is thus formed. 
[0052] The transfer of the synthetic color toner image 
5 transferred in superposition on the intermediate 
transfer member 5 onto the transfer material P is 
accomplished through contact of a transfer roller 6 
with the intermediate transfer member 5, through 
feeding of the transfer material P at a prescribed 

10 timing from a paper feed cassette (not shown) to the 

contact nip between the intermediate transfer member 5 
and the transfer roller 6 , and through application of a 
secondary transfer bias to the transfer roller 6 . This 
secondary transfer bias transfers the synthetic color 

15 toner image from the intermediate transfer member 5 to 
the transfer material P. This process is referred to 
as the "secondary transfer". 

[0053] The transfer material P to which the toner 
image has been transferred and which has been separated 
20 from the intermediate transfer member 5 is introduced 
into a fixing unit 15 to heat and fix. 

[0054] The developing units 41, 42, 43 and 44 will now 
be described in detail. 

[0055] The developing units 41, 42, 43 and 44 have 
25 each a developing sleeve 4a, a developing agent carrier. 
When facing the photosensitive drum 1, the developing 
sleeve 4a rotates in the positive direction to that of 
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the photosensitive drum 1. The surface thereof has 
appropriate irregularities to increase the sliding 
friction probability with the toner and to ensure 
satisfactory conveyance of the toner, 
5 [0056] A developing blade 4b is provided thereabove so 
as to come into surface contact with the outer 
peripheral surface of the developing sleeve 4a. An 
elastic roller 4c is in contact and rotatably supported 
in further upstream in the rotating direction of the 

10 developing sleeve 4a. 

[0057] The toner in the developing unit is fed to the 
elastic roller 4a along with the rotation of a stirring 
member 4d during the developing operation. The toner 
is conveyed to a proximity of the developing sleeve 4a 

15 under the effect of rotation of the elastic roller 4c. 
The toner carried on the elastic roller 4c at the 
contact portion of the developing sleeve 4a and the 
elastic roller 4c is deposited onto the developing 
sleeve 4a by triboelectric charge caused by friction 

20 with the developing sleeve 4a. Thereafter, the toner 
is sent to the pressure-contact portion of the 
developing blade 4b along with the rotation of the 
developing sleeve 4a, where the toner is subjected to 
an appropriate tribo (triboelectric amount). After 

25 formation of a thin layer on the developing sleeve 4a, 
the toner is conveyed to the developing section facing 
the photosensitive drum 1 and subjected to development. 
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[0058] In Fig. 4, a dot counter 101, measuring means 
provided in a controller 110, measures the number of 
dots of image signals outputted from an image output 
section 102. The number of dots measured here is 
5 converted into a print ratio X relative to the media 
printed by the CPU 103 , calculating means. The print 
ratio measured here are written for each color in the 
memory means 100. 

[0059] No particular limitation is imposed on the 
10 memory means 100 used in this embodiment so far as it 
is capable of rewritably storing and retaining signal 
information. Applicable memory means include, for 
example, electric memory means such as a RAM and a 
rewritable ROM, and magnetic recording means such as a 
15 magnetic recording medium, a magnetic bubble memory and 
a magneto-optical memory. Means for measuring print 
amount information used in the present invention 
include means converting a laser emitting period, and 
means converting individual counted image signals 
20 constituting dots of each image. No limitation is 

imposed so far as the print amount information of each 
image (print ratio) is measurable. 

[0060] In an image forming apparatus or a developing 
apparatus having the configuration as described above, 
2 5 tribo conditions of the toner in the developing unit or 
on the developing sleeve are not always the same for 
the individual colors , when comparing an image of a 
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large amount of print such as a solid image or a 
photographic image and an image of a small amount of 
print such as a text manuscript . A low print ratio 
corresponds to a smaller toner consumption on the 
5 developing sleeve. Tribo imparted to the toner on the 
developing sleeve upon every passage of the elastic 
blade leads to a uniform and stable tribo state of the 
toner. In the case of a high print ratio, in contrast, 
a rapid consumption of the toner corresponds to a 
10 smaller number of chances in which tribo is imparted on 
the developing sleeve or in the developing apparatus. 
This leads to a lower tribo of the toner, bringing 
about an instable state in which a uniform, stable and 
satisfactory image may be unavailable. 
15 [0061] Therefore, from among the print ratio 

information written in the memory means 100, the print 
ratios and the history of the print ratios are compared 
by the CPU 103 with a predetermined print ratio X' and 
a number of successive sheets Y' . For example, the 
20 predetermined print ratio X' and the number of 

successive sheets Y 1 are assumed to be X' = 50% and Y' 
= 5 sheets. In the developing units showing five or 
more sheets of an image having a print ratio of over 
50%, the pre-printing preparing operation period (post- 
25 rotation period after printing, or the pre-printing 
period prior to the next printing) is extended. 
[0062] The pre-printing preparing operation period 
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mainly depends upon the rising period of the fixing 
unit or the laser scanner and the conveying period of 
the transfer material. A shorter period is preferable. 
In the case of an image forming apparatus used in this 
5 embodiment, it is assumed that rotation is conducted 

for ten seconds in total, including post-rotation after 
the completion of development of the developing 
apparatus for five seconds and the pre-rotation before 
developing for another five seconds. Under some 

10 conditions in this case, the result of image assessment 
immediately after printing successively five sheets of 
an image with a print ratio of 50%, and the result of 
extension of the pre-printing preparing operation 
period are shown in Table 2 . This suggests the 

15 possibility to eliminate a defective image by 

increasing the pre-printing preparing operation period. 

[0063] 

[Table 2] 



PRE-PRINTING PREPARING 
OPERATION PERIOD 


IMAGE AFTER FIVE IMAGES 
OF 50% 


10 sec 


X 


15 sec 


A 


20 sec 


O 



20 [0064] When images of a high print ratio are printed 
in succession as described above, it is possible to 
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obtain a satisfactory image by supplying sufficient 
tribo to the toner by extending the pre-printing 
preparing operation period. 

[006 5] (Third Embodiment) A third embodiment of the 
5 present invention will now be described. 

[0066] Fig. 5 is a schematic conf igurational view of 
main portions of a color laser beam printer, an example 
of the image forming apparatus of the third embodiment. 
[006 7] The printer of this embodiment has process 

10 cartridges 40, 41, 42, 43 and 44 detachable from the 
apparatus main body. The process cartridge 40 has a 
photosensitive drum 1 (image carrier); and process 
cartridges 41, 42, 43 and 44 are developing units 
serving as developing apparatuses for the individual 

15 colors (yellow, magenta, cyan and black) . 

[0068] The photosensitive drum 1 is rotationally 
driven at a prescribed circumferential speed (process 
speed) in the arrow direction, and uniformly charging- 
processed to prescribed polarity and potential by a 

20 primary charging roller 2 during rotation. Then, 

through image exposure 3 by image exposing means (not 
shown) such as a color separation/ image forming- 
exposure optical system of a color original image or a 
scanning exposure system based on a laser scanner 

25 output ting a laser beam modulated for time -serial 

electric digital image signals of the image information, 
an electrostatic latent image corresponding to a first 
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color component image (for example, a yellow component 
image) of the object color image is formed. 
[0069] Then, the electrostatic latent image is 
developed by the yellow toner Y, a developing agent for 
5 a first color, by use of the first developing unit 41 
(yellow developing unit). The developing units 41, 42, 
43 and 44 (yellow, magenta, cyan and black) are rotated 
by a rotational driver (not shown) in the arrow 
direction in the drawing, and are arranged so that the 
10 individual developing units selectively face the 
photosensitive drum 1 . 

[0070] The intermediate transfer member 5 is 
rotationally driven anticlockwise in the arrow 
direction at the same circumferential speed as that of 

15 the photosensitive drum 1. A yellow toner image of the 
above-mentioned first color formed and carried on the 
photosensitive drum 1 is intermediately transferred 
onto the outer peripheral surface of an intermediate 
transfer member 5, under the effect of an electric 

20 field formed by a primary transfer bias applied to the 
intermediate transfer member 5 and a pressure exerted 
by a nip portion, during passage through a nip portion 
between the photosensitive drum 1 and the intermediate 
transfer member 5. This process will hereinafter be 

25 referred to as the "primary transfer" . 

[0071] Thereafter, a magenta toner image of the second 
color, a cyan toner image of the third color, and a 
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black toner image of the fourth color are similarly 
transferred in superposition on the intermediate 
transfer member 5 , and a synthetic color toner image 
corresponding to the object color image is thus formed. 
5 [0072] The transfer of the synthetic color toner image 
transferred in superposition on the intermediate 
transfer member 5 onto the transfer material P is 
accomplished through contact of a transfer roller 6 
with the intermediate transfer member 5 # through 

10 feeding of the transfer material P at a prescribed 

timing from a paper feed cassette (not shown) to the 
contact nip between the intermediate transfer member 5 
and the transfer roller 6, and through application of a 
secondary transfer bias to the transfer roller 6 . This 

15 secondary transfer bias transfers the synthetic color 
toner image from the intermediate transfer member 5 to 
the transfer material P. This process is referred to 
as the "secondary transfer". 

[0073] The transfer material P to which the toner 
20 image has been transferred and which has been separated 
from the intermediate transfer member 5 is introduced 
into a fixing unit 15 to heat and fix. 

[0074] The developing units 41, 42, 43 and 44 will now 
be described in detail. 
25 [007 5] The developing units 41, 42, 43 and 44 have 

each a developing sleeve 4a, a developing agent carrier. 
When facing the photosensitive drum 1 , the developing 
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sleeve 4a rotates In the positive direction to that of 
the photosensitive drum 1. The surface thereof has 
appropriate irregularities to increase the sliding 
friction probability with the toner and to ensure 
5 satisfactory conveyance of the toner. 

[0076] A developing blade 4b is provided thereabove so 
as to come into surface contact with the outer 
peripheral surface of the developing sleeve 4a. An 
elastic roller 4c is in contact and rotatably supported 
10 in further upstream in the rotating direction of the 
developing sleeve 4a . 

[0077] The toner in the developing unit is fed to the 
elastic roller 4a along with the rotation of a stirring 
member 4d during the developing operation. The toner 

15 is conveyed to a proximity of the developing sleeve 4a 
under the effect of rotation of the elastic roller 4c. 
The toner carried on the elastic roller 4c at the 
contact portion of the developing sleeve 4a and the 
elastic roller 4c is deposited onto the developing 

20 sleeve 4a by triboelectric charge caused by friction 
with the developing sleeve 4a. Thereafter, the toner 
is sent to the pressure-contact portion of the 
developing blade 4b along with the rotation of the 
developing sleeve 4a, where the toner is subjected to 

25 an appropriate tribo (triboelectric amount). After 

formation of a thin layer on the developing sleeve 4a, 
the toner is conveyed to the developing section facing 
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the photosensitive drum 1 and subjected to development, 
[0078] In Fig. 6, a dot counter 101, measuring means 
provided in a controller 110, measures the number of 
dots of image signals outputted from an image output 
5 section 102. The number of dots measured here is 

converted into a print ratio X relative to the media 
printed by the CPU 103, calculating means. The print 
ratio measured here are written for each color in the 
memory means 100. 

10 [0079] No particular limitation is imposed on the 

memory means 100 used in this embodiment so far as it 
is capable of rewritably storing and retaining signal 
information. Applicable memory means include, for 
example, electric memory means such as a RAM and a 

15 rewritable ROM, and magnetic recording means such as a 
magnetic recording medium, a magnetic bubble memory and 
a magneto -optical memory. Means for measuring print 
amount information used in the present invention 
include means converting a laser emitting period, and 

20 means converting individual counted image signals 
constituting dots of each image. No limitation is 
imposed so far as the print amount information of each 
image (print ratio) is measurable. 

[0080] In an image forming apparatus or a developing 
25 apparatus having the configuration as described above, 
tribo conditions of the toner in the developing unit or 
on the developing sleeve are not always the same for 
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the individual colors , when comparing an image of a 
large amount of print such as a solid image or a 
photographic image and an image of a small amount of 
print such as a text manuscript. A low print ratio 
5 corresponds to a smaller toner consumption on the 

developing sleeve. Tribo imparted to the toner on the 
developing sleeve upon every passage of the elastic 
blade leads to a uniform and stable tribo state of the 
toner. In the case of a high print ratio, in contrast, 

10 a rapid consumption of the toner corresponds to a 

smaller number of chances in which tribo is imparted on 
the developing sleeve or in the developing apparatus. 
This leads to a lower tribo of the toner, bringing 
about an instable state in which a uniform, stable and 

15 satisfactory image may be unavailable. 

[0081] From among the pieces of print ratio 
information written in the memory means 100, an average 
print ratio A calculated by the CPU 103 from the print 
ratios and the print ratio history is compared with a 

20 predetermined average print ratio A' . For example, the 
predetermined average print ratio A' is assumed to be 
A 1 = 50%. For a developing unit showing an average 
print ratio of over 50% for the past ten sheets, the 
pre-print preparing operation period (post-rotation 

25 period after printing, or pre-rotation period during 
the next printing) is extended. 

[0082] The pre-printing preparing operation period 
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mainly depends upon the rising period of the fixing 
unit or the laser scanner and the conveying period of 
the transfer material. A shorter period is preferable. 
In the case of an image forming apparatus used in this 
5 embodiment, it is assumed that rotation is conducted 

for ten seconds in total, including post-rotation after 
the completion of development of the developing 
apparatus for five seconds and pre-rotation before 
developing for another five seconds. Under some 

10 conditions in this case, the result of image assessment 
immediately after printing when the past ten sheets 
show an average print ratio of 50%, and the result of 
extension of the pre-printing preparing operation 
period are shown in Table 3. This suggests the 

15 possibility to eliminate a defective image by 

increasing the pre-printing preparing operation period. 
[0083] 

[Table 3] 



PRE-PRINTING PREPARING 
OPERATION PERIOD 


IMAGE IMMEDIATELY AFTER 
AN AVERAGE PRINT RATIO 
OF 50% IS REACHED 


10 sec 


X 


15 sec 


A 


20 sec 


O 



20 [0084] When the average print ratio become higher as 
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described above, it is possible to obtain a 
satisfactory image by supplying sufficient tribo to the 
toner by extending the pre-printing preparing operation 
period. 
5 [0085] 

[Advantages] According to the first invention of the 
present application, as described above, the set 
rotational driving period of the developing agent 
carrier is increased when the image ratio exceeds a 

10 certain set value, and the developing agent carrier is 
used for developing processing after rotational driving 
for the set rotational driving period. Even when the 
developing agent in the developing apparatus is 
consumed rapidly, therefore, it is possible to apply a 

15 stable developing processing by supplying sufficient 
tribo to the developing agent on the developing agent 
carrier . 

[0086] According to the second invention of the 
present application, the set rotational driving period 

20 of the developing agent carrier is increased when the 
calculated image ratio of the calculating means stored 
in the memory means exceeds a set value continuously 
for a predetermined number of runs, and the developing 
agent carrier is used for developing processing after 

25 rotational driving for the next rotational driving 
period. Even when the developing agent in the 
developing apparatus is consumed rapidly, therefore, it 
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is possible to apply a stable developing processing by 
supplying sufficient tribo to the developing agent on 
the developing agent carrier. 

[0087] According to the third invention of the present 
5 application, the set rotational driving period of the 
developing agent carrier is increased when the average 
value of the calculated image ratios of the calculating 
means stored in the memory means exceeds a set value at 
a predetermined number of runs, and after rotational 

10 driving for the set rotational driving period, the 
developing agent carrier is used for developing 
processing. Even when the developing agent in the 
developing apparatus is consumed rapidly, therefore, it 
is possible to apply a stable developing processing by 

15 supplying sufficient tribo to the developing agent on 
the developing agent carrier. 

[0088] According to the fourth invention of the 
present application, the set rotational driving period 
of the developing agent carrier is increased when the 

20 image ratio, or the calculated image ratio of the 

calculating means stored in the memory means or the 
average value of the calculated image ratios of the 
calculating means stored in the memory means exceeds a 
set value continuously for a predetermined number of 

2 5 runs. Even when the developing agent in the developing 
apparatus is consumed rapidly, therefore, it is 
possible to apply a stable developing processing by 
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supplying sufficient tribo to the developing agent on 
the developing agent carrier. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a sectional view illustrating a 
5 schematic configuration of the image forming apparatus 
of a first embodiment. 

[Fig. 2] Fig. 2 illustrates the operation of the image 
forming apparatus of the first embodiment. 
[Fig. 3] Fig. 3 is a sectional view illustrating a 
10 schematic configuration of the image forming apparatus 
of a second embodiment . 

[Fig. 4] Fig. 4 illustrates the operation of the image 
forming apparatus of the second embodiment. 
[Fig. 5] Fig. 5 is a sectional view illustrating a 
15 schematic configuration of the image forming apparatus 
of a third embodiment . 

[Fig. 6] Fig. 6 illustrates the operation of the image 
forming apparatus of the third embodiment . 
[Fig. 7] Fig. 7 is a sectional view illustrating a 
20 schematic configuration of the conventional image 
forming apparatus . 
[ Reference Numerals ] 

1: Photosensitive drum (latent image carrier) 
2 : Primary charging roller 
25 3: Image exposure 

4: Process cartridge 

4a: Developing sleeve (developing agent carrier) 
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4b: Developing blade 
4c: Elastic roller 
4d: Stirring member 
5: Intermediate transfer member 
5 6: Transfer roller 
15: Fixing unit 

40, 41, 42, 43, 44: Process cartridge 

41, 42, 43, 44: Developing unit (developing apparatus) 
100: Memory means 

10 101: Dot counter (measuring means) 
102: Image output section 
103: CPU (calculating means) 
110 : Controller 

P: Transfer material (recording medium) 
15 Y: Yellow toner (developing agent) 
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FIG. 2 

101: COUNTER 

102: IMAGE OUTPUT SECTION 

(1) PRINTING INSTRUCTION 

5 

FIG, 4 

100: MEMORY MEANS 

101: COUNTER 

102: IMAGE OUTPUT SECTION 

10 (1) PRINTING INSTRUCTION 

FIG. 6 

100: MEMORY MEANS 

101: COUNTER 

15 102: IMAGE OUTPUT SECTION 

(1) PRINTING INSTRUCTION 
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